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Description 

GPS NAVIGATION SYSTEM WITH 
INTEGRITY AND RELIABILITY 
MONITORING CHANNELS 

Background of Invention 

[0001] The present invention relates generally to navigation sys- 
tems. More particularly, the present invention is related to 
a system and method of operating a global positioning 
system and related architecture. 

[0002] The current global positioning system (GPS) provides tim- 
ing and navigation for a wide range of applications, such 
as intelligent transportation systems, telecommunications, 
delivery of military munitions, and power control grids. 
The applications may be military or civilian related. Civil- 
ian applications include commercial and noncommercial 
applications. 

[0003] The CPS is designed to provide three-dimensional naviga- 
tion anywhere in the world, at any time, and under all 
weather conditions. The CPS generates a pair of timing 



signals that are broadcasted on two frequencies of tlie L- 
band. The two frequencies are designated as LI and L2. 
Time, range, and position information of each satellite can 
be obtained from the timing signal. A GPS receiver can use 
time of arrival information to determine range informa- 
tion. The receiver, by receiving multiple timing signals 
from multiple satellites, can also determine position infor- 
mation. Each satellite transmits a unique code, which en- 
ables the satellites within the GPS system to use the same 
LI and L2 frequencies. The timing signal on the LI fre- 
quency is broadcasted having a short unencrypted code 
that is used for both military and civilian applications. The 
coded timing signal on the L2 frequency is broadcasted 
having a longer encrypted code that is only used for au- 
thorized users of the United States military and its allies. 
[0004] The use of the two frequencies allows the military GPS re- 
ceivers to account for some atmospheric effects on the 
ranging signals. Thus, the military operated GPS receivers 
are typically more accurate than the civilian receivers. The 
military receivers are accurate to approximately within ten 
meters (see the Precise Positioning Service Performance 
Standard for military specification standards) as opposed 
to the civilian receivers, which are accurate to approxi- 



mately within tens of meters (see tlie Standard Positioning 
Service Performance Standard for civilian specification 
standards). 

[0005] The current CPS is not designed for civilian aviation appli- 
cations that require integrity or guaranteed position accu- 
racy, and is therefore limited for aviation use. Civilian avi- 
ation requirements, which are meant to assure accuracy of 
the CPS received signals and prevent collisions or injuries 
to vehicles and occupants therein, are more stringent than 
existing CPS operating requirements for such applica- 
tions. Civilian requirements include an assured accuracy 
requirement that is on the order of approximately ten me- 
ters in the vertical direction. Civilian requirements also in- 
clude a "time to alert" requirement that refers to a maxi- 
mum allowable amount of time to notify a pilot when a 
navigation system malfunction or inaccuracy exists within 
the CPS signals. When a malfunction that is undesirable 
exists within the CPS, the CPS navigation solution or re- 
sulting data is no longer safe for use. 

[0006] There currently exists several regional satellite health 

monitoring systems including the European Ceostationary 
Navigation Overlay Service (ECNOS), the MTSAT Satellite 
Augmentation System (MSAS), and the Wide Area Aug- 



mentation System (WAAS). These systems monitor in- 
tegrity of the GPS signals and determine errors associated 
with positions and cloclcs of satellites, and atmospheric 
attenuation. The error information along with other in- 
tegrity information is transmitted to the geostationary 
satellites, which is then retransmitted such that an aircraft 
may determine a current GPS status and errors associated 
with the received GPS signals. These monitoring systems 
enable trusted, but limited vertical navigation over se- 
lected service volumes, such as the continental United 
States for the WAAS, western Europe for the EGNOS, and 
mainland Japan for the MSAS. 

[0007] The current GPS requirement for response time for a 

stand-alone GPS without additional regional monitoring is 
approximately six hours. Actual response time varies from 
approximately one half an hour to four hours. This is un- 
acceptable for civilian applications that require received 
and used navigation values to be reliable. Such a long 
time delay to warn can result in a collision and injury to an 
aircraft and occupants therein. 

[0008] Although the GPS-enabled avionics is relatively inexpen- 
sive to deploy, accuracy and time to alert deficiencies of 
the GPS prevent it from being relied upon during the land- 



ing phase of civilian fliglit. Currently, in low visibility con- 
ditions, a civilian aircraft is capable of landing through 
use of an instrument landing system (ILS). The pilot of the 
aircraft monitors an instrument that senses a radar signal 
from the ground and in response thereto performs a land- 
ing. However, the ILS is expensive and is only available at 
a limited number of airports, which are typically large 
commercial airports, such as international airports. It is 
unsafe to land an aircraft in a low visibility area without 
use of an ILS system and is generally not permitted by re- 
gional civil aviation authorities. 
[0009] Thus, there exists a need for an improved navigation sys- 
tem that is accurate, provides integrity information 
quickly, is global, and is inexpensive such that it may be 

used and relied upon for civilian aviation applications. 
Summary of Invention 

[0010] The present invention provides a trusted navigation sys- 
tem as part of a current GPS constellation. The navigation 
system may include the block IIF medium earth orbit 
(MEO) satellites, which are used to generate signals having 
integrity information. A navigation receiver determines 
range and position of the satellites in response to the sig- 
nals. The navigation system may also determine accuracy 



and reliability of the range and position in response to the 
integrity information. 

[0011] The embodiments of the present invention provide several 
advantages. One such advantage that is provided is the 
provision of a navigation system that provides trusted GPS 
navigation information that satisfies integrity specifica- 
tions for civilian aviation applications. 

[0012] Another advantage that is provided by multiple embodi- 
ments of the present invention is the provision of a navi- 
gation system that globally indicates reliability of GPS re- 
lated information and satisfies time to alert requirements 
for civilian aviation applications. 

[0013] Furthermore, the present invention provides a navigation 
system that may be implemented in cooperation with ex- 
isting spacecraft including block II spacecraft, or future 
block III spacecraft. 

[0014] Moreover, the present invention provides a tight integra- 
tion of both civilian and military assets, thereby, satisfying 
and meeting stringent aviation performance requirements 
while minimizing civil aviation costs of a trusted and reli- 
able navigation system. 

[0015] In addition, the present invention provides a navigation 

system that may be used globally. In so doing, the present 



invention allows a GPS receiver to receive accurate GPS in- 
formation anywhere in the world. The navigation system 
aids in the ability of an aircraft to land at an airport that is 
not equipped with an instrument landing system. 
[0016] The present invention itself, together with further objects 
and attendant advantages, will be best understood by ref- 
erence to the following detailed description, taken in con- 
Junction with the accompanying drawing. 
Brief Description of Drawings 

[0017] Figure 1 is a perspective and block diagrammatic view of a 
global positioning navigation system in accordance with 
an embodiment of the present invention; and. 

[0018] Figure 2 is a logic flow diagram illustrating a method of 
operating the global positioning navigation system in ac- 
cordance with multiple embodiments of the present in- 
vention. 
Detailed Description 

[0019] While the present invention is described with respect to a 
system and method of operating a global positioning sys- 
tem (GPS) and related architecture, the present invention 
may be adapted to be used in various applications known 
in the art. The present invention may be applied in mill- 



tary and civilian applications. The present invention may 
be applied to aerospace systems, telecommunication sys- 
tems, intelligent transportation systems, power control 
grids, and other CPS applications known in the art. The 
present invention may also be utilized with respect to var- 
ious GPS receivers and systems known in the art. 

[0020] In the following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0021] Also, the term "GPS related information" includes all infor- 
mation related to a GPS or global positioning navigation 
system. GPS related information may include timing infor- 
mation, range information, position information, integrity 
information, and reliability information, as well as other 
information known in the art. GPS related information may 
be transmitted and received to and from various space- 
craft, aircraft, and ground stations, and other GPS devices 
known in the art. 

[0022] Referring now to Figure 1, a perspective and block dia- 
grammatic view of a global positioning navigation system 
10 in accordance with an embodiment of the present in- 
vention is shown. The system 10 includes multiple satel- 



lites 12 that receive and transmit GPS related information. 
Tlie satellites 12 transmit GPS signals that contain the GPS 
related information, regionally for reception by various 
GPS receivers, which is represented by areas 13. For ex- 
ample, the aircraft 14 includes a GPS receiver 16, which 
determines position of the aircraft 14 in response to the 
GPS signals 13. The receiver 16 may also determine accu- 
racy and reliability of the GPS information received. 
[0023] The satellites 12 also transmit and receive GPS related in- 
formation to and from a central station 18. The central 
station 18 determines the accuracy and reliability of the 
GPS signals 13. The central station 18 determines the ac- 
curacy and reliability utilizing measured information gath- 
ered from multiple networks of monitoring station exter- 
nal interfaces 20, which monitor navigation performance 
of the satellites 12. The accuracy and reliability informa- 
tion is relayed to the satellites 12 and aid the receiver 16 
in determining accuracy and reliability of the GPS signals 
13. 

[0024] The satellites 12 communicate with the ground stations, 
such as the central station 18, via uplink and downlink 
signals, which are represented by the double arrows 22. 
The uplink and downlink signals may be transmitted over 



S-band frequencies. Communication between the satel- 
lites 12 occurs through use of an omnidirectional or di- 
rectional crosslink, which is represented by the double ar- 
row 24. The satellites 12 transmit to the user receivers 16 
over the frequencies in the L-band. 
[0025] Although the present invention is described with respect 
to utilizing the S-band and the L-band frequencies, other 
frequency bands may be utilized. Also, with respect to the 
L-band, although several embodiments of the present in- 
vention utilize the LI, L2C, and L5 frequencies, various 
other frequencies within the L-band may be utilized. This 
will become more evident in review of the following speci- 
fication. 

[0026] The satellites 12 include medium earth orbit satellites. 
Satellites 26 and 28 are examples of medium earth orbit 
satellites. Any number of satellites may be included in the 
system 10. The satellites 12 may be of type IIF, lIRm, III, or 
of some other type known in the art. In one embodiment 
of the present invention, the medium earth orbit satellites 
26 are of type IIF or III and are capable of transmitting GPS 
signals on the LI, L2C, and L5 frequencies, whereas the 
satellites 28 are of the type lIRm and are capable of trans- 
mitting GPS signals on the LI and L2C frequencies. 



[0027] jhe LI frequency is typically used for transmission of the 
short unencrypted coarse acquisition (C/A) code. The L2C 
frequency is modulated on the L2 unprotected frequency. 
CPS related information, transmitted on the L2C fre- 
quency, is coded using a civilian designated code. The 
L2C frequency offers improved signal robustness and im- 
proved performance in low power environments over use 
of only the LI frequency and C/A code. The L2C frequency 
can be used to accelerate the capability of the system 10, 
by reducing the atmospheric error in measurements made 
by the civilian CPS user. The L5 frequency is a newly des- 
ignated civilian frequency having multiple message types. 
The LI, L2C, and L5 frequencies and utilization thereof 
are further described in detail below. 

[0028] Jhe receiver 16 includes a receiver controller 30, which 

determines range, position, accuracy, and reliability infor- 
mation, as well as other information known in the art. The 
receiver 16 may be of various types and styles. The re- 
ceiver 16 may be in the form of an aircraft receiver, as 
shown, may be in the form of a telecommunications re- 
ceiver, a ground based vehicle receiver, a hand-held re- 
ceiver, or may be in some other form known in the art. 

[0029] The controller 30 may be microprocessor based such as a 



computer having a central processing unit, memory (RAM 
and/or ROM), and associated input and output buses. The 
controller 30 may be an application-specific integrated 
circuit or may be formed of other logic devices known in 
the art. The controller 30 may be a portion of a central 
control unit of the aircraft 14 or may be a stand-alone 
controller, as shown. 
[0030] The controller 30 includes the integrity-monitoring soft- 
ware 32, which is used to determine integrity of the GPS 
signals 13 and allows the receiver 16 to operate as an in- 
tegrity-monitoring device. The controller 30 uses the in- 
tegrity monitoring software 32 for fault detection and may 
use the software 32 for exclusion. The controller 30 mon- 
itors the GPS signals 13, which may be received from sev- 
eral of the satellites 12 that are within view of the receiver 
16. There are typically more satellites in view than the 
number needed for navigation. A set of 4 satellites is usu- 
ally required to perform a navigation position calculation. 
The controller 30 performs an internal consistency check 
from a set of redundant measurements received from the 
satellites 12. In response to the internal consistency check 
the controller 30 detects and may remove a faulty satellite 
from the set used for navigation. This is described in fur- 



ther detail below with respect to the method of Figure 2. 

[0031] Unlike traditional integrity monitoring software, the moni- 
toring software 32 incorporates integrity information re- 
ceived from the satellites 12 in addition to an internal 
self-consistency check for fault detection and exclusion. 
In one embodiment of the present invention, the receiver 
16 receives integrity information over the L5 integrity 
channel from the satellites 26. The integrity information 
originates from the central station 18 based on the mea- 
surements from the monitoring interfaces 20. The soft- 
ware 32, by utilizing the received integrity information, is 
position accurate to within at least approximately ten me- 
ters as opposed to traditional user integrity monitoring 
software, which is accurate to within approximately a cou- 
ple hundred meters. 

[0032] The central station 18 includes an integrity processor 36, 
a first ground antenna 38, and a second ground antenna 
40. The integrity processor 36 receives GPS measured sig- 
nals 41 over data links 42 from the monitoring interfaces 
20. The measured signals 41 include pseudorange mea- 
surements and navigation data from the GPS signals 13. 
The measured signals 41 may also include suggested cor- 
rection adjustments to adjust or compensate for inaccura- 



cies in the GPS signals 13. The central station 18 may re- 
ceive the measured signals 41 via wired or wireless com- 
munication as stated further below, but in near real-time. 

[0033] jhe central station 18 performs calculations using the in- 
formation contained within the measured signals 41 and 
generates integrity signals 46, which are transmitted over 
the S-band to the on-board memory of the satellites 26. 
The integrity signals 46 are in the form of a user range 
accuracy (URA) messages. The integrity processor 36 has 
GPS system processing software 44 for the URA process- 
ing and synchronization with the measured signals 41. 
The integrity signals 46 are essentially a bound on clock 
and ephemeris error within the GPS signals 13. The in- 
tegrity signals 46 are transmitted to a receiver, such as 
the receiver 16, by the MEO satellites 26, as represented 
by areas 45. The central station 18 may receive the in- 
tegrity signals 46 over the L5 frequency. 

[0034] Jhe central station 18 may determine signal integrity and 
in response thereto may signal the satellites 12 of a fault 
or error via an uploaded command. When a satellite or 
component therein is operating inappropriately such that 
a fault or error exists, an operator generates the com- 
mand signal. The command signal may be a SATZAP^"^ 



command signal that informs tlie satellite 12 as to such 
status information and allows the satellite 12 to adjust 
subsequently generated GPS signals accordingly. An ex- 
ample of a fault is when a satellite clock is operating inap- 
propriately such that it no longer generates a correct time 
signal. 

[0035] jhe central station 18 also generates navigation signals or 
messages 48 and reliability signals 50. The navigation 
messages 48 include satellite position and clock informa- 
tion as well as other information known in the art. The 
navigation messages 48 may also include a URA message 
that may be transmitted on the LI and L5 civilian frequen- 
cies. The URA message includes the contribution to the 
range-measurement error from an individual error source, 
as is known in the art. A satellite having a high URA can 
be interpreted as having selective availability turned on. 

[0036] The reliability signals 50 inform the satellites 26 that con- 
stellation performance is being monitored and the status 
or health of each satellite 12. The health of each satellite 
12 refers to whether a satellite is operating appropriately, 
whether signals generated from that satellite contain er- 
rors, the extent of the errors, and whether the errors are 
within desired bounds. The reliability signals 50 may be 



modulated on the S-band frequency. 

[0037] The first ground antenna 38 is utilized for transmission of 
the integrity signals 46 and the navigation messages 48. 
The second ground antenna 40 is utilized for the trans- 
mission of the reliability signals 50. The first ground an- 
tenna 38 and the second ground antenna 40 may be of 
various sizes, shapes, and styles. In one embodiment, the 
first ground antenna 38 is in the form of a dish having a 
30" diameter and the second ground antenna 40 is in the 
form of a dish having a 10" diameter. 

[0038] The monitoring interfaces 20 monitor the GPS signals 13 
and provide integrity information to the central station 18. 
The monitoring interfaces 20 include integrity and relia- 
bility software 52 that determines whether the satellites 
12 are operating inappropriately or generating GPS signals 
that contain errors. The monitoring interfaces 20 provide 
an alert when the GPS signals are broadcasted with out of 
tolerance GPS errors. The alert may be included in the 
measured signals 41. The monitoring interfaces 20 may 
also provide corrections to improve accuracy of the GPS 
signals 13, as well as other information known in the art. 

[0039] The monitoring interfaces 20 transmit the measured sig- 
nals to the central station 18 via the associated data links 



42 continually, in near real time. The data links 42 may be 
in the form of copper or fiber optic cabling. The data links 
42 may, for example be over a Tl connection or the like. 
The monitoring interfaces 20 may provide the information 
using integrated satellite connections, such as those by 
SATCOM^"^. Of course, the monitoring interfaces 20 may 
communicate with the central station 18 using other 
known methods of communication. The monitoring inter- 
faces 20 may communicate with the central station 18 via 
wireless communication and have associated antennas for 
such communication. The monitoring interfaces 20 may 
include, for example, the Wide Area Augmentation System 
(WAAS), the Multi-function Transportation Satellite Aug- 
mentation System (MSAS), and the European Geostationary 
Navigation Overlay System (EGNOS), as well as other aug- 
mentation and monitoring systems known in the art. 

[0040] The monitoring interfaces 20 may monitor the GPS signals 
13 over various frequencies including the L-band fre- 
quencies. Since the monitoring interfaces 20 are on the 
ground and are in a stable and controlled environment 
they are able to accurately track these frequencies and 
provide a precise assessment for improvement thereon. 

[0041] Referring now also to Figure 2, a logic flow diagram illus- 



trating a method of operating the navigation system 10 in 
accordance with multiple embodiments of the present in- 
vention is shown. 

[0042] In step 100, the satellites 12 generate and transmit the 

GPS signals 13. The GPS signals include timing signals and 
data signals, for determining range and position of each 
satellite that is within view. In one embodiment of the 
present invention, the timing signals and data signals are 
transmitted on the LI, L2C, and L5 frequencies. 

[0043] The GPS signals 13 may also include the integrity signals 
46 for determining the accuracy of the ranges and posi- 
tions of the satellites 12. The integrity signals 46 are ac- 
tually generated by the central station 18, in step 106, 
and retransmitted by the satellites 12. 

[0044] Each satellite 26 receives different URA bits associated 
with that particular satellite, as well as others within its 
general proximity. The URA messages are received by the 
receiver 16 in the form of a constellation on a particular 
frequency, such as the L5 frequency. The integrity signals 
46 may be transmitted in the form of a predetermined L5 
message type and modulated on the L5 frequency such 
that they have a designated integrity channel. Each satel- 
lite 26 may modify each integrity signal 46, according to 



the received URA bits. 

[0045] In step 102, the monitoring interfaces 20 measures the 
GPS signals 13. The monitoring interfaces 20 in response 
to the GPS signals 13 generate the measured signals 41. 
The measured signals 41 may be transmitted continuously 
to the central station 18. 

[0046] In step 104, the central station 18 generates the integrity 
signals 46 in response to the measured signals 41. The 
integrity signals 46 may be broadcast over the L5 fre- 
quency on a predetermined message type, as stated 
above. In an embodiment of the present invention, the in- 
tegrity signals 46 are broadcast periodically at predeter- 
mined time intervals. 

[0047] In step 106, the central station 18 generates and trans- 
mits the navigation messages 48 to each satellite 12. The 
navigation messages 48 originate from the central station 
18. 

[0048] In step 108, the central station 18 also generates the reli- 
ability signals 50 that inform the satellites 12 that they 
are being monitored and the status or health of each 
satellite. The processor 36 confirms that the integrity sig- 
nals 46 are within an appropriate bound of the system er- 
ror before generation of the reliability signals 50. The re- 



liability signals 50 may be in the form of URA monitoring 
bits. In one embodiment, the URA monitoring bits are re- 
ceived by the satellites 12 and are not forwarded to the 
aircraft 14, but instead are evaluated by the spacecraft 26. 
[0049] In step 110, the satellites 26 monitor the time to receive 
the reliability signals 50. When the reliability signals 50 
have not been received for a predetermined length of time 
the satellites 26 proceed to step 112, otherwise step 114 
is performed. 

[0050] In step 112, when the satellites 26 do not receive the reli- 
ability signals 50 for a predetermined length of time the 
satellites 26 "time out" and determine that a fault exists 
within the system 10. The satellites 26, in response to the 
"time out", may adjust the integrity signals 46 when the 
integrity signals 46 to reflect or indicate that an error ex- 
ists or may cease transmission of the integrity signals 46. 
When the integrity signals 46 are no longer transmitted 
the satellites 26 proceed to step 110. 

[0051] In step 114, the satellites 12 receive the reliability signals 
50 and in response thereto perform appropriate correc- 
tions to continue the broadcasting of the integrity signals 
46. 

[0052] In step 116, the integrity signals 46 and the reliability sig- 



nals 50 may be transmitted between the satellites 26 via 
the crosslink 24. The navigation message update (NMU) 
(not shown) may be upgraded for the message type of the 
integrity signals 46. The NMU may be upgraded to in- 
clude, for example, the L5 message type. 

[0053] In step 118, the satellites 12 after updating the GPS re- 
lated information, similar to step 100, may transmit the 
updated CPS signals 13. The satellites 12 upon perform- 
ing step 118 return to step 100. 

[0054] The following steps 120-128 may be performed simulta- 
neously with steps 100-118. In step 120, the receiver 16 
determines the range of the satellites 12 relative to the 
aircraft 14 and in response to the timing information con- 
tained within the GPS signals 13. 

[0055] In step 122, the receiver 16 determines the position of the 
satellites 12 in response to the data contained within the 
GPS signals 13. The position information may include 
earth centered, earth fixed coordinate data for determin- 
ing three-dimensional positions. The receiver 16 may 
measure the time delay for the timing signals to travel 
from the satellites 12 to the receiver 16 and multiply by 
the speed of light to determine pseudoranges of the 
satellites 12. The pseudoranges are ranges of the satel- 



lites 12 plus a receiver clock offset and other propagation 
errors. 

[0056] The receiver 16, in order to acquire more accurate range 
information utilizes the CPS related information transmit- 
ted on a pair of frequencies to account for affects of the 
ionosphere. The receiver 16, using techniques known in 
the art, converts the range information received on the 
frequencies to improve accuracy for the range to the re- 
ceiver 16. For example, the receiver 16 when determining 
range of each satellite 12 may acquire the data signals on 
both the LI and L5 frequencies or on both the L2C and 
the L5 frequencies. 

[0057] In step 124, the receiver 16 determines the integrity of 
the determined range and position of each satellite 12 in 
response to the integrity signals 46. The controller 30 uti- 
lizes the integrity software 32 to perform a self- 
consistency check. In performing the self-consistency 
check the controller 30 monitors the GPS signals 13 that 
are within range and utilizes the information contained 
within the integrity signals 46. In so doing, the controller 
30 determines the integrity of the ranging information. 
When one or more of the satellites 12 "times out", such as 
in step 112, the controller 30 may provide range and po- 



sition information, but may no longer provide integrity in- 
formation. Satellites that "time out" are then excluded 
from the position calculations of the receiver 16 for criti- 
cal phases of flight, such as precision approach and land- 
ing operations. 

[0058] In step 126, the receiver 16 determines reliability of the 
position information in response to the integrity signals 
46. The integrity software 32 is used when monitoring the 
integrity signals 46 to determine reliability thereof. The 
reliability of the integrity signals 46 may be indicated in 
the form of a reliability value or level or in some other 
fashion, as known in the art. When an error is indicated on 
the integrity signals 46 or position accuracy information is 
not available, the reliability of the position signals is low. 
When the integrity signals 46 signify an accuracy mea- 
surement that is within desired bounds, the reliability is 
high. The integrity software 32 in determining reliability, 
checks to assure that no hard fault exists within one of 
the satellites 12, such as a satellite clock not functioning 
or functioning improperly and generating or indicating an 
inaccurate time. 

[0059] In step 128, the receiver 16 determines the position of the 
receiver 16 or, in this example embodiment, determines 



the position of the aircraft 14 upon determining the posi- 
tion and the range of each satellite 12. The receiver 16 
may determine the position of the aircraft 14 from the 
position and pseudorange of each satellite 12. The posi- 
tion of the aircraft 14 may be utilized and relied upon to 
perform various flight tasks depending upon the reliability 
level, as determined in step 126. 

[0060] The above-described steps are meant to be an illustrative 
example; the steps may be performed sequentially, simul- 
taneously, synchronously or in a different order depend- 
ing upon the application. 

[0061] The present invention provides a global positioning navi- 
gation system that allows for an aircraft to land at any air- 
port without being regionally limited and without use of 
an instrument landing system. The present invention al- 
lows for increased flight to and utilization of airports that 
are not equipped with an instrument landing system. The 
present invention also reduces the costs for the instru- 
mentation and equipment needed in order to perform a 
precision landing. The present invention satisfies civilian 
requirements for accuracy with integrity and time to alert 
of within approximately ten meters and six seconds, re- 
spectively. In addition, the present invention provides an 



efficient and tighter integration of tlie United State Air 
Force and Federal Aviation Administration resources in tlie 
implementation of a GPS civil aviation landing system. 
[0062] While the invention has been described in connection with 
one or more embodiments, it is to be understood that the 
specific mechanisms and techniques which have been de- 
scribed are merely illustrative of the principles of the in- 
vention, numerous modifications may be made to the 
methods and apparatus described without departing from 
the spirit and scope of the invention as defined by the ap- 
pended claims. 



